Periodontitis is a set of inflammatory disorders characterized by periodontal attachment loss and alveolar bone resorption.
Introduction
periodontal diseases. 18 HGFs can be used as stem cells for following up therapeutic effects and periodontal tissue engineering. 19 Recently, usage of PPI network analysis has increased in medical fields for the detection of novel drug targets in various diseases. 20, 21 Several proteins influencing periodontitis have been identified, 22 but there is little knowledge on the periodontal therapeutic field based on protein-protein interaction (PPI). Protein network analysis provides a desirable model that can elevate comprehension of the mechanisms underlying human diseases. 20, 21, 23, 24 This model may represent a logical associational panel which can be efficient in the treatment field. [25] [26] [27] In the present study, we surveyed the protein networks of HGFs treated using Er:YAG laser and CsA separately to reveal the molecular effects of both modalities on HGFs. The information obtained will hopefully lead to significant improvements in periodontal disease treatment.
Methods

Identification of Differentially Expressed Proteins
To identify differentially expressed proteins in HGFs after treatment by CsA and Er:YAG laser irradiation, we used PubMed database as the main source to study the literature using the following keywords: "gingival fibroblasts" "Proteomics, " "drug, " and "laser therapy. " The inclusion criteria were (1) studies which focus on gingival tissue samples of human species and (2) studies that compared drug or laser treated HGF tissues and non-treated HGF tissues. Papers which surveyed serum or saliva proteome and papers which compared HGF tissues with another cell type, such as human periodontal ligament (PDL) were excluded. A total of 57 differentially expressed proteins after Er:YAG laser irradiation (Table 1) 28 and 10 differentially expressed proteins after induction of drug (CsA) were obtained ( Table 2) . 11 The data from reference 28 are retrieved via liquid chromatography-tandem mass spectrometry while the data about the effect of CsA are extracted from a gel based proteomics research. Since the first modality is more sensitive than the second, the number of identified proteins related to the laser effect is higher than for the other investigation. UniProt accession numbers (http://www.uniprot.org) were used to search for annotations and to list proteins in order to carry out the network analysis.
Construction of the PPI Network and Enrichment Analysis The network was analyzed based on topological parameters such as node degree and betweenness centrality (BC) using Cytoscape version 3.4.
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Results
PPI Network Construction, Key Nodes Identification and Gene Ontology Analysis
The protein codes were searched in Uniprot database (http://www.uniprot.org), the accession numbers of the selected proteins were used for PPI network construction. Topological centralities (degree and BC) were evaluated to distinguish the biological value of proteins. Degree introduced as the number of edges linked to a node and nodes with high degree represented as hub which may have important biological functions. BC indicates the importance of the node based on the number of shortest paths through each node. 30 The final network was visualized based on these parameters wherein we mapped the node degree to the size and BC to color in the network view ( Figure 1 ). The number of 20 top nodes of the networks was selected as the critical nodes (Hub proteins) based on degree value (see Tables 3 and 4) . GO categories were analyzed to identify the function of hubs. The BP, CC and MF enrichment results of these key proteins are shown in Table 5 .
Densely Connected Region in PPI Network and Gene Ontology Through Cluster ONE Analysis, there was one significant module (P <1 × 10 -3 ) with the parameters of minimum size 3 and minimum density < 0.05. The most significant enrichment module (P =1.009E-6, node = 159 and density = 0.02) was extracted from PPI network of Er:YAG laser irradiation ( Figure A1 and A2). GO functional enrichment analysis of the densely connected region (one module) with the threshold of P<0.05 for laser therapy is shown in Table 6 . We found that the gene functions were mainly enriched in intracellular signaling cas cades such as, fatty acid transmembrane transport, cytokinesis, regulation of RNA splicing, and asymmetric protein localization. No cluster(s) was found for PPI network of CsA therapy.
Discussion
Very little is known about the molecular analysis of the periodontal pocket tissue. 31 Periodontitis is caused by bacterial infection and in addition to tooth loss, it can promote diabetic and cardiovascular diseases. 3, 5 New drug targets and biomarkers that facilitate treatment are essentially needed. The establishment of a network for treatment of periodontal disease would highly be helpful to understand the molecular mechanism and desirable periodontitis therapy. For further understanding of the molecular effect of Er:YAG laser irradiation and CsA therapy on HGFs, we analyzed the PPI network of both modalities separately. We gained 57 and 10 differentially expressed proteins after induction of Er:YAG laser and CsA on HGFs, respectively. PPI network as a powerful tool for analysis and ranking of involved proteins 32 in the 2 therapeutic methods led to the construction of 2 scale free networks (see Figure 1) . PPI network related to Er:YAG irradiation in HGFs consisted of 4796 nodes and 15 968 edges (about 3 links per node) while the related network to treated HGFs by cyclosporin contained 1220 nodes and 2247 edges (about 2 links per node). As it is shown in the Tbles 2 and 3, topological analyses of the 2 networks revealed 8 hub-bottleneck proteins for each of the networks. YWHAZ, VCP, HNRNPU, YWHAE, UBA52, CLTC, FUS and IGHG1 are hub-bottleneck proteins in the related network to the fibroblast cells treated by laser. In the drug treated cells, EEF1A1, ARHGDI, LGALS3, PRDX1, ANXA2, ALDOA, CTSD and ACAT1 are the crucial proteins. The findings indicate that the key proteins related to the laser treated network are more interacted in the network compared to the CsA network. The high BC values for crucial proteins of CsA therapy demonstrates network relative to the key nodes of the other network (see Tables 3 and 4) , and shows that in drug network more shortest paths pass through the nodes. Comparison of the 2 panels shows that the key proteins of the 2 networks are completely different. Similar to these findings, GO enrichment analysis of hub-bottleneck proteins of networks and also functional GO enrichment analysis of obtained module indicate 2 different conditions. It seems that representation of a brief description about biological roles of the top key proteins in the 2 applied methods can provide a useful perspective of the involved mechanisms of treatment procedures. 14-3-3 protein zeta/delta (YWHAZ) is the most significant hub with highest BC value in PPI network of laser irradiation. 14-3-3 proteins are involved in a wide range of biological processes, including protein transport, transcription, cell cycle, 33 and TNF production during inflammation response. 34, 35 14-3-3 protein sigma and zeta/delta were under-expressed in pathological tissue of periodontal patients. 30 In other words, it has been suggested that 14-3-3 proteins may cause wound healing and tissue repair. 36 This finding suggests that the gingival fibroblast repair can be facilitated by laser irradiation through overexpression of 14-3-3 proteins. Transitional endoplasmic reticulum ATPase (VCP) segregates protein molecules from large cellular structures and their reassembly after mitosis. 37 p97/VCP, a member of the AAA-ATPase super family, has been associated with some wide variety pathways such as cell cycle, suppression of apoptosis, DNA-damage response and Golgi reassembly. [38] [39] [40] VCP protein expression change via Er:YAG laser in gingival fibroblast is reported. 28 In addition to the role of this type of ATPase in cell cycle, laser may influence wound healing through mitochondrial respiration which is followed by ATP synthesis induction. 41 Heterogeneous nuclear ribonucleoprotein U (HNRNPU) is a RNA binding protein which influences pre-mRNA processing and other aspects of mRNA metabolism. 37 Its role in cell proliferation process is recognized. 38 Aleksic et al 39 and Pourzarandian et al 40 have reported that Er:YAG laser irradiation induced an elevation in the proliferative activity of HGFs. These reports are compatible with our results that are pointed to the roles of key proteins in cell cycle regulation and proliferation induction. The most significant connectivity in PPI network of CsA therapy network belongs to elongation factor 1-alpha 1 which is an isoform of elongation factor 1. It plays a role in translation and is responsible for the enzymatic delivery of amino acyl tRNA to the ribosome. 33, 34, 41 It participates in several processes required for proliferation, mitotic apparatus formation, and signal transduction. [34] [35] [36] In a previous study, it was reported that elongation factor 1-alpha 1 is differentially expressed in PDL cell in presence of enamel matrix protein in culture medium. Increase was demonstrated in RNA synthesis, which causes periodontal regeneration and wound healing. 42 Rho GDP-dissociation inhibitor 1, as an important protein in PPI network of CsA therapy, plays a significant role in the regulation of signaling through Rho GTPases. Activity of this protein is important in a variety of cellular processes and expression of this gene may be altered in tumors. 43 This protein has been reported as a common differentially expressed protein after laser irradiation 28 and also CsA therapy on HGFs. 11 However it was not included as a hub-bottleneck node in the network of laser treated fibroblasts. Galectin-3 is another crucial protein in PPI network of CsA therapy which has a variety of biological functions, including growth regulator, apoptosis inhibitor and interacting with Bcl-2. 44 One key protein in PPI network of treated-HGFs by CsA was peroxiredoxin-1 which is reported to protect cells from apoptosis through the inhibition of c-Myc, NF-k B, c-Abl, and TNF-α. 45 This protein may play the role of an antioxidant in promoting proliferation in the CsA-treated HGF by reducing cytosolic ROS levels. 11 Through functional enrichment analysis of the hubbottleneck proteins (see Table 5 ), we identified that protein insertion into membrane and error-free translation synthesis in the laser related network and regulation of endocytosis for drug network are the significant biological processes. Signaling in cells is regulated by endocytosis at multiple levels, such as control cell fate and proliferation. 46 Fatty acid transmembrane transport has the most significant score in GO enrichment analysis of proteins in densely connected region in PPI network after Er:YAG laser irradiation (see Table 6 ). The evidences suggest that saturated fatty acids induce inflammation by imitating the actions of LPS. 47 Fatty acids regulate the inflammatory and metabolic genes. 48 Some studies showed the down-regulation of inflammatory proteins after Er:YAG laser irradiation. 28 This phenomenon suggests that the therapeutic effect of low-level Er:YAG laser can reduce the inflammation of damaged periodontal sites. Further detailed studies are still necessary to validate this hypothesis. Another significant pathway was cytokinesis that is the physical process of cell division and the production of 2 daughter cells which can emphasize the role of Er:YAG laser on cell cycle regulation. In another study, the results of the proteomic investigation on HGFs treated by CsA 11 proved the proliferative effect of this drug. We performed quantitative validation of the causal proteins in both PPI networks followed by functional enrichment analysis. The literature validations of hub genes have also confirmed their roles in the cell cycle and proliferation. 11, 28 It is thus suggested that a proliferation response induced by both mentioned therapeutic methods is oriented to regeneration of gingival tissues and wound healing despite the difference in the elements of the 2 related hub-bottleneck profiles.
Conclusion
Building the PPI network and mining pathways could be regarded as an effective way to explore the biological concepts behind the therapeutic methods. In the present study, the key proteins and their pathways in 2 therapeutic modalities on HGFs, including application of Er:YAG laser irradiation and CsA therapy, were investigated. The results correspond to the induction of proliferation in HGFs as a common effect of both mentioned therapeutic methods, which can be useful in the treatment of periodontal diseases. Introducing 2 different biomarker panels for the 2 methods indicates the possibility of multiple therapeutic procedures for treatment of patients. So investigation about efficiency and side effects of these procedures is an important requirement for selecting the best therapeutic method. It can be concluded that combination of the 2 methods may be an effective procedure to apply in the field. However more investigations are needed about the synergic effects of the 2 methods.
